ABSTRACT The predominant shapes of small opacities on the chest radiographs of 895 British coalminers have been studied. The aims were to determine whether irregular (as distinct from rounded) small opacities can be identified reproducibly, whether their occurrence is related to dust exposure, and whether they are associated with excess prevalence of respiratory symptoms or impairments of lung function. Six of the doctors responsible for regular radiological surveys of all British coalminers each classified all 895 radiographs twice and independently, using the International Labour Organisation's 1980 classification system. The majority view was that 39 films showed predominantly irregular small opacities, 131 showed predominantly small rounded opacities, and 587 showed no small opacities. Readers' opinions varied about the presence and shapes of shadows on the other 138 films. In general, consistency between readers (and within readers on repeated viewings) was satisfactory. The occurrence and profusion of irregular shadows were related significantly both to the men's ages and additionally to their cumulative exposure to respirable coalmine dust as determined from 15 years' dust monitoring close to where the miners had worked. For any given level of exposure, the average level of profusion of the small irregular opacities was less than the corresponding profusion of small rounded opacities. The prevalence rates of chronic cough and phlegm, and of breathlessness, were higher in those with small irregular opacities than in those with no small opacities (category 0/0), but the differences were not statistically significant after adjustment for other factors including smoking habits. The presence of irregular (but not rounded) small shadows was associated with an impairment in respiratory function averaging about 190 ml deficits in both FEVy and FVC. These deficits were not explicable in terms of the men's ages, body sizes, and smoking habits and they were in addition to the lung function losses attributable to the miners' dust exposure as such. It is concluded that the presence and profusion of small irregular opacities should be taken into consideration when assessing the severity of coalworkers' simple pneumoconiosis.
Collins, Dick, Bennett, Pern, Rickards, Thomas, Washington, Jacobsen related to dust exposures when the exposure estimates are based on detailed measurements of respirable dust concentrations and occupational records. 9 We now report further on those results from 895 British coalminers. The differences between small irregular and rounded opacities in their relation with dust exposure are quantified, and the occurrence of respiratory symptoms and lung function levels in men whose radiographs show the differently shaped small shadows are compared.
Materials and methods
The chest radiographs included in this study were from 900 men sampled from a population of 3600 miners who attended the first four of a series of quinquennial surveys at 10 British coalmines included in a longitudinal project known as the Pneumoconiosis Field Research.2 This ensured that the full sized (posteroanterior) chest radiographs had been obtained by standardised methods and also that estimates of cumulative (working life) exposures to dust for the individuals concerned were available based on 15 years' systematic monitoring of dust concentrations close to where the miners had worked. 3 The sample of men waF stratified to give an approximately uniform distribution of dust exposures and ages over all possible ranges.9 The radiographs were from the fourth round of medical survey-that took place between March 1970 and November 1973.
As five radiographs were unavailable at time of reading, 895 were examined twice by each of six of us according to the ILO 1980 Classification of Radiographs of Pneumoconioses.' This determined that the profusion of any small opacities consistent with pneumoconiosis, irrespective of their shape, was categorised on an ordinal scale and that the shapes (and sizes) of those opacities were recorded subsequently in a way that identified the predominant shapes as rounded or irregular. We examined the radiographs independently and in different random orders on both occasions.
For the analysis, the films were grouped subsequently as follows. A film was categorised as showing one or other predominant shape of opacities or the absence of small opacities (category 0/0), at either one of the two readings, if more than three readers agreed about the predominant shape, or absence of opacities, at that reading. Similar allocations were made if three readers agreed and the other three were not unanimous in nominating the alternative predominant shape (or absence of small shadows). This provided four mutually exclusive groupings of films from each of the two sets of six readings: those judged as showing predominantly rounded small opacities, predominantly irregular small opacities, no small opacities (category 0/0), and those where there was insufficient agreement between readers to permit allocation to any of the above according to the conventions defined.
Average profusion scores were calculated for each radiograph based on classifications by all six readers on both occasions. The profusion scale defining the scores ranged from 0 to 10, representing categories 0/0 to 3/+. ( No recordings of category 0/ -were made.)
Questionnaires about respiratory symptoms and smoking habits had been administered at survey10 and lung function had been measured by simple spi- rometry."1 The questionnaire responses were used to classify men into four smoking categories: current cigarette smokers, current "other" smokers consisting of pipe and cigar smokers, ex-smokers, and lifelong non-smokers. Some smoking histories for those who said at fourth survey that they were cigarette smokers, and for those who said that they had never smoked, were inconsistent with their replies to questionnaires administered at two earlier surveys. Therefore, using smoking data from the second, third, and fourth surveys, we reclassified those individuals as follows: 26 fourth survey cigarette smokers were reclassified as "other" smokers and 15 nominal non-smokers were reclassified as ex-smokers. This provided sets of consistent responses about cigarette smoking and nonsmoking, where the cigarette smokers had smoked for at least 10 years before the survey.
From the answers to the questionnaire at fourth survey, the combination of cough and phlegm, both for more than three months in the year, was defined as chronic cough and phlegm. Men Consistency in readers' judgments about the predominant shape of any small opacities that they saw varied from 69% identical judgments about predominant shape on 341 films classified as showing some small opacities by one reader to 90% of 100 such films that were thus identified by another reader. Agreement between pairs of readers about the predominant shape (rounded or irregular) of small opacities on films that both classified as category 0/1 or higher ranged from 62% to 89% and averaged 76%.
Further details of variability between and within readers are described elsewhere. Dust exposure (ghm-3) 1. This confirms that the profusions of both types of opacity are related to dust exposure and that the rate of increase in the pneumoconiotic response with respect to exposure is more severe when only rounded shadows are considered. Figure 1 also illustrates the fairly uniform distribution of miners' dust exposures that was arranged for this study.
Details of analyses aimed at exploring the possible joint influences of age, dust exposure, and smoking habits on the chances of having either type of small opacity are recorded in the appendix. Neither age nor smoking habits contributed significantly to the risks of having small rounded opacities but there was a highly significant increase in those risks with increasing exposure to dust. This is illustrated in fig 2 for a cigarette smoker at the mean age (49).
Results from those who had predominantly irregular small opacities again showed no significant effect of variations in smoking habits. The estimated probabilities for a cigarette smoker and a non-smoker at the mean age and dust exposure (6% and 4% respectively) were similar to the unadjusted proportions with small irregular opacities derivable from table 2 (7% and 5% respectively). The regresssion analysis, however, indicated that the chance of having small irregular opacities increased both with dust exposure and with age (p < 0-003). The magnitudes of those effects are also illustrated in fig 2. RESPIRATORY SYMPTOMS AND SMALL OPACITIES Table 5 shows that both chronic cough and phlegm (without breathlessness), and breathlessness irrespective of cough and phlegm, occurred more frequently in men with small radiographic shadows, irrespective of smoking habits, and that the associations were more pronounced in those who had small rounded opacities.
Collins, Dick, Bennett, Pern, Rickards, Thomas, Washington, Jacobsen- Analysis of these results, using the logistic trans-additionally and significantly, to increased chances of form of the presence or absence of symptoms as the reporting the symptoms. The fitted equations suggest response variable, confirmed the importance of smok-that in non-smokers with no small opacities, aged 49, ing habits, after adjustment for other possible effects and with negligible dust exposure the prevalence rates associated with age. A cigarette smoker (at the mean of chronic cough and phlegm and of breathlessness age and with the mean dust exposure) was between would be about 8% and 5% respectively. Corretwo and three times more likely to report chronic sponding estimates for similar miners with the mean cough and phlegm or breathlessness than a compara-dust exposure (200ghm-3) are 12% and 11%; at ble non-smoker. Dust exposure was also related, 400ghm3 exposure they are 19% and 23%. Age did not affect the chances of reporting chronic cough and Collins, Dick, Bennett, Pern, Rickards, Thomas, Washington, Jacobsen who had small irregular opacities on their radiographs) did not differ significantly from the corresponding estimates for non-smokers. Additional analyses of the data, separately within three age groups, showed a more severe cigarette smoking tffect in those aged from 45 to 55. This amounted to an estimated 252ml lower level of FEV, in cigarette smokers than in non-smokers (after allowing for the effects of age, height, weight, dust exposure, and the presence of small opacities) and this difference was statistically significant at the 5% level. In those aged over 55 the effect of cigarette smoking was less pronounced (94ml lower FEV, than in non-smokers) and in those aged under 45 it was trivial (21 ml lower than in non-smokers). These supplementary analyses also confirmed the importance of age, height, and dust exposure within each of the three age groups. The additional functional deficits associated with the presence of small irregular opacities were clear cut only in the two older age groups (45 to 55 and those over 55).
These results should be considered in the light of our earlier report.9 This showed that the six of us who examined the radiographs all identified small irregular opacities on some of them, and that we were able to do so fairly consistently. Using results from our duplicate sets of film classifications we now confirm that those appearances are related to age and, additionally, to coalmine dust exposure. Moreover, we have shown now that the presence of the small irregularly shaped shadows is associated with a lung function decrement in excess of that attributable directly to dust exposure.
Discussion
More than 40 years ago researchers in south Wales noted that a small proportion of the coalworkers' chest radiographs that they had studied showed "strands."3 Those strands were described as thicker than the fine markings characterising the more frequently occurring "reticular" patterns that were considered then to be one of the features distinguishing the appearance of coalworkers' chest films from those seen in silicosis; and the "reticulation" was said to be associated "not infrequently" with some degree of disability. Nevertheless, the experts who attended the ILO's conference on pneumoconiosis in 1950 resolved that classification of radiographic appearances in both silicosis and coalworkers' pneumoconiosis should be restricted to bilateral, discrete "more or less circular" opacities. ' Interpretation of these findings is not straightforward, however, because the small irregular shadows occurred more frequently also in older coalminers,5 6 in those who smoked cigarettes, and in those with bronchitic symptoms.6 Moreover, as noted by the ILO,'7 they occur not only on the chest radiographs of coalminers and asbestos workers; low profusion categories have been reported also in polyvinylchloride production workers," in ex-shale miners,'9 in female cigarette smokers with no history of occupational exposure to dust,20 and the same type of shadows occur commonly in patients with chronic, not necessarily occupational, pulmonary fibrotic diseases. A further complication is that several well so Irregularly shaped small shadows in coalworkers' pneumoconiosis controlled epidemiological studies testify to persistent and sometimes quite startling differences of opinion between film readers about the shapes of the small shadows that they see.9 18 19 21 Nevertheless, it seems clear that small irregular opacities may be identified on the chest films of a wide variety of subjects, both dust exposed and non-dust exposed, if the films are classified according to the standard procedures recommended by the ILO.
The 1980 revision of the ILO classification requires that the profusion of any small opacities should be recorded, irrespective of whether they are rounded or irregular.1 Application of this rule when classifying coalminers' chest films means that any irregular opacities seen will contribute to the overall profusion category. It is important therefore to know whether, and to what extent, such lesions result from exposure to coalmine dust.
We decided to tackle the problem by seeking answers to four distinct questions (and associated riders). Firstly, do medical officers responsible for the British coal industry's radiological services recognise the presence of small irregular opacities on coalminers' chest radiographs when they use the ILO's 1980 procedures and the associated standard radiographs? Secondly, how reproducible are such nominations on repeated viewings of the same films by the same readers? (And how much variation is there between readers?) Thirdly, are the chances of having irregular opacities relatable directly to coalmine dust exposure? (And if so, how does the exposure-response relation compare with that for small rounded opacities?) Fourthly, are the irregular small opacities associated with respiratory symptoms or impairments of lung function to a greater degree than would be expected by virtue of the miners' ages, body sizes, smoking habits, and exposures to coalmine dust?
When planning the study we took advantage of the fact that the Pneumoconiosis Field Research has generated chest radiographs of many thousands of coalminers from all the British coalfields,2 using standardised radiographic techniques, and that these films are accompanied by reliable estimates of cumulative exposures to respirable coalmine dust for each of the individuals concerned.3 The availability of data about the same miners' responses to questions on respiratory symptoms and smoking habit,'0 and on their ventilatory capacity," afforded a unique opportunity to study the inter-relations of radiological appearances, measured dust exposures (as distinct from surrogates such as years worked underground), symptoms, and respiratory function. The particular set of films selected for the study were from surveys conducted in the early 1970s. This implies that our observations are relevant to conditions in coalmines during the 1950s and 1960s, rather than later. It is important to note also that the sample of men whose films were examined was chosen deliberately to provide a more or less uniform distribution of exposures to dust-so as to maximise the precision of estimates of exposureresponse relations. That choice implies that the proportions of miners with different radiological abnormalities as reported here cannot be regarded as estimates of the prevalence of those conditions among British miners generally.
The answers to the questions that we posed appear to be as follows. Readers who have classified many thousands of coalminers' chest radiographs do identify a small proportion of them as showing predominantly irregular, as distinct from rounded, small opacities when they use the ILO's 1980 conventions. The frequency of these judgements varies between readers, but they are reasonably consistent and reproducible.9 Those appearances are related unambiguously to coalmine dust exposures, and additionally to the miners' ages. The exposure specific gradient for irregular shadows, and the average level of profusion, are both lower than the corresponding measures for small rounded opacities. We found that coalminers with any small shadows on their chest radiographs were more likely to have reported chronic cough and phlegm, and breathlessness, than miners with no small shadows. The difference was particularly pronounced for those who had predominantly small rounded opacities, and this result is consistent with an earlier report.'0 A smaller excess of symptoms in those with predominantly small irregular opacities was explicable partly in terms of the men's dust exposures and was not statistically significant. The small irregular opacities, however, were associated with an impairment in ventilatory capacity over and above that attributable to dust exposure as such, and in this respect they differ from small rounded opacities. One of them showed FEV, and FVC reduction patterns associated with small irregular opacities that were similar to those which we found, and there was no change in total lung capacity (TLC).7 Another indicated a more substantial effect on the FEV1/FVC ratio (but only among smokers) and there was an increase in TLC.6 Yet another detected no decrements in either FEV1 or FVC but did show a reduction in the carbon monoxide transfer factor,22 as had been observed also in the two earlier studies.6 7 The variety of these findings supports the idea that irregular opacities may indicate more than one specific pathological lesion, and this would be consistent with the combination of interstitial fibrosis and emphysema described in a small necropsy study of coalminers with irregular opacities. 8 On the other hand, the parallel reduction in average FEV1 and FVC with only small reductions in the FEVI/FVC ratio, which we have found to be associated with small irregular opacities, is a similar pattern to that which our analyses attribute to the effect of dust exposure as such, irrespective of the presence of small opacities; and the same pattern has been described as characteristic of coalmine dust exposure in an earlier study.23 More detailed descriptions of the functional effects of measured coalmine dust exposures have not yet been published, but studies which appealed to the presence of coalworkers' simple pneumoconiosis (small rounded opacities) as a surrogate for dust exposure have suggested that such exposures are associated with an increase in residual volume24 and with frequency dependence of compliance,25 implying peripheral airflow obstruction. The evidence to date is not conclusive.
Further studies are in progress of the implications of small irregular opacities on coalminers' chest films in terms of radiological progression, deterioration in pulmonary function, and risks of progressive massive fibrosis. In the meantime, we believe that there is now sufficient evidence to justify taking account of both small irregular as well as small rounded opacities when assessing coalminers' chest radiographs for pneumoconiosis. The latest (1980) version of the ILO classification' provides a convenient and well tested basis for such assessments.
Interpretations of findings from this study appeal strongly to results from a large number of regression analyses. The following notes and tables provide some further information and they record the estimates of regression coefficients that have been used in the text. (4) 2972 (16) 2343 (14) 2376 (25) 2300 (7) 2569 (67) S1O 3850 (1) 2758 (6) 2083 (3) 2344 (9) 1983 (6) 2386 (25) (1) 3525 (2) 3650 (4) 3450 (1) 2800 (5) 2738 (4) 3182(17) S10 3850(1) 3100 (1) 4100 (1) 2850 (2) 2000 (1) 3125 (6) (2) 2033 (6) 2325 (4) 2207 (14) ) 500: SRO 1350 (2) 1850 (6) 2000 (4) 1817 (12) 510 1800 (1) 1100 (1) 1450 (2) (1) 3100 (1) 2950 (7) 2164 (7) 2263 (15) 2094 (8) Lung function and small opacities Figure 3 illustrates selected features of multiple Table 10 Regression coefficients (and standard errors) from analyses of the occurrence ofsmall rounded opacities (SRO) and small irregular opacities (SIO) regression equations (table 12) that were fitted to the available lung function data.
The adequacy of the model as formulated in table 12 was examined by studying residuals and by fitting alternative equations to the data as a whole and to various subsets. In particular, we were alert to possible interactions between cigarette smoking and dust exposure or between cigarette smoking and the presence of either type of small opacity. Neither of these interactions were significant factors in these data. For instance, the dust exposure regression coefficients on FEV1 for cigarette smokers and non-smokers (-164 and -118 ml per 100 units of exposure respectively) did not differ significantly (t = 0-7). Also, the additional loss in FEV1 attributed to the presence of small irregular opacities was estimated as 197 ml in cigarette smokers and 280 ml in non-smokers. Again, the difference between these estimates was not statistically significant (t = 0 3).
The text accompanying tables 1 and 2 explains why we restricted the main analyses to three subsets of the data defined from the radiological results. An analysis of FEV5 using all the potentially available data, however, including those from the 138 miners whose radiographs were not interpretable securely, reassured us that their exclusion is not likely to have affected the conclusions about lung function and radiological signs. A regression of FEV1 on the explanatory variables listed in table 12, supplemented by dummy variables indexing four subgroups of the 138 men previously excluded, gave estimates of coefficients similar to those recorded in table 12. In particular, the average decrement in FEV5 associated with the presence of small irregular opacities was estimated as 219 ml (t = 2-24). The standardised mean FEV1 levels for three of the newly included subgroups were not distinguishable statistically from levels expected among men with no small opacities. The fourth subgroup, consisting of 13 men with some small opacities, had a significantly lower adjusted mean FEV1 as compared with category 0/0, amounting to a 440 ml decrement (t = 2 59). The 13 men concerned correspond to elements (1,2) and (2,1) in the matrix constituting table 1-that is, miners whose films were judged as showing predominantly rounded shadows at one reading and predominantly irregular shadows at the other.
